Glioma is the most common primary tumor of the central nervous system, accounting for 30%, and is classified by the World Health Organization (WHO) into 4 clinical grades, from I to IV. The most aggressive form of glioma is glioblastoma multiforme (GBM), with a 5-year survival rate of 8%. 1, 2 Surgical resectability is the most important prognostic factor, as effects of additional chemotherapy and radiotherapy are limited. Temozolomide (TMZ) is an alkylating agent used in the treatment of malignant gliomas, including GBM. 3 In a study of 573 patients with newly diagnosed, histologically confirmed GBM randomly assigned to receive radiotherapy alone or radiotherapy plus continuous daily TMZ, statistically significant survival benefits were shown in patients given TMZ. 4 However, the prognosis for most patients with GBM remains dismal, with a median survival of only 14.6 months. 4 A greater understanding of the biological mechanisms for GBM oncogenesis will contribute to the development of targeted therapies that can improve patient outcome. The genome-wide analysis performed by The Cancer Genome Atlas has shown that the most frequent genetic abbreviations were identified in the signaling pathways involving receptor tyrosine kinase, phosphatidylinositol-3 kinase (PI3K), p53, and retinoblastoma protein. 5 In addition, it has been suggested that GBM can be classified into 3 subgroups: proneuronal, proliferative, and mesenchymal. 6 Although various targeted molecular agents have been used either as single agents or in combination therapy for GBM, few have been reported to be effective in phase II trials so far. 7 Therefore, identification of new molecular targets is still of paramount importance.
The cancer stem cell hypothesis proposes that tumors are driven by subpopulations of tumor cells with stem cell -like properties. 8 Cancer stem cells have been isolated in multiple tumor types, including GBM. Several molecules, such as cluster of differentiation (CD )133, sex determining region Y -box 2 (Sox2), CD15, integrin-a6, and the L1 cell adhesion molecule, have been proposed as markers for cancer-initiating cells. 9 -16 Especially, by promoter analysis for CD133, the pathway of epidermal growth factor receptor (EGFR)/extracellular signal-regulated kinase (ERK)/mitogen-activated protein kinase (MAPK) -ERK has been shown to be involved in CD133 gene expression through Etsfamily transcription factors. 17 Considering the evaluation for their prognostic value, none of them was proven to be clinically useful in large-scale studies. Given the heterogeneity of GBM, further investigations are necessary to identify the treatmentresistant cell population, as these occasionally overlap with cancer-initiating cell properties. It is essential to develop tailored treatments to target this population with increased tumorigenic potential. 18 In this study, through single subcutaneous passage in mice, we have developed highly aggressive variants of human GBM cell lines LN443 and U373, which showed increased tumor growth, colony-forming potential, sphere-forming potential, and invasiveness compared with the parental cell lines. Using DNA microarray analysis, we identified a novel molecular mechanism for the pathogenicity of GBM and explored new therapeutic agents that can be used for this disease.
Materials and Methods

Cells
The human GBM cell lines LN443 and U373 were kindly provided by Dr Erwin G. Van Meir (Emory University School of Medicine, Atlanta, Georgia). LN443 and U373 were cultured in Dulbecco's modified minimal essential medium (DMEM; Wako) supplemented with 10% fetal bovine serum. Cell line authentication was not carried out by the authors within the last 6 months.
Reagents
Human epiregulin (EREG) was purchased from Cell Signaling Technology. Gefitinib was purchased from Cayman Chemical Company. All reagents were used following the manufacturers' instructions.
Preparation of Retrovirus and Establishment of Stable Cell Line
For retrovirus production, the pCX4 vector system was used. 47, 48 The complete sequences of pCX4pur (puromycin) are available from the GenBank database (AB086386). Full-length cDNAs for human EREG were subcloned into pCX4pur. Retroviruses were obtained by using 293T cells as packaging cells, infected to the KMG4 glioma cell line, and selected with puromycin (2 mg/mL).
Xenograft
For xenograft preparation, the indicated number of cells was s.c. injected into 6-to 8-week-old female athymic nude mice (BALB/ cA Jcl-nu/nu; Clea Japan). For evaluation of gefitinib treatment, gefitinib (200 mg/kg) or control dimethyl sulfoxide was i.p. administered on days 25-29 and 32-36 (for U373-EREG) or days 3 -7 and 10 -14 (for U373X1). Tumor volume (in cubic millimeters) was calculated by the following formula: (length× width 2 )/2. For the in vivo orthotopic tumor model, tumor cells (3 ×10 5 ) suspended in 10 mL PBS were i.c. injected into the BALB/cA Jcl-nu/ nu mice. Mice were maintained under specific pathogen-free conditions, and all animal procedures were carried out according to the protocol approved by the Institutional Animal Care and Use Committee at Hokkaido University Graduate School of Medicine. Kaplan -Meier curves were constructed, and the brains were dissected and snap frozen immediately after mice died. The sections (10 mm) were stained with hematoxylin and eosin using standard protocols.
Immunoblotting
Immunoblotting was performed by the method described elsewhere. Cells were lysed with buffer containing 0.5% NP40 (nonyl phenoxypolyethoxylethanol), 10 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 50 mM NaF, 1 mM phenylmethylsulfonyl fluoride, and 1 mmol/L Na 3 VO 4 . Proteins were subjected to sodium dodecyl sulfate -polyacrylamide gel electrophoresis, and separated proteins were transferred to a polyvinylidene difluoride filter (Immobilon-P; Millipore). Filters were probed with antibodies obtained from the following sources: anti-EREG (D405I) monoclonal antibody (mAb), p44/42 MAPK (Erk1/2) polyclonal antibody, anti -phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) polyclonal antibody, anti-signal transducers and activators of transcription (STAT)3 mAb, anti -phospho-STAT3 (Tyr705) polyclonal antibody, anti -phospho-EGFR (Tyr1068) (D7A5) rabbit mAb (Cell Signaling Technology), anti-actin mAb (Chemicon), and anti-EGFR antibody (D-20) (Santa Cruz Biotechnology). Bound antibodies were detected with peroxidase-labeled goat antibody to mouse IgG, goat antibody to rabbit IgG, or rabbit antibody to goat IgG and visualized by enhanced chemiluminescence reagents (Amersham Pharmacia Biotech).
Immunohistochemical analysis
Formalin-fixed paraffin-embedded tissues were sectioned and stained using anti -adipocyte enhancer binding protein 1 (AEBP1) mouse mAb (1D2) (MT3.1) (Abnova) and anti-EREG polyclonal antibody (Lifespan Biosciences). The intensity scores were 0 ¼ negative or weakly positive and 1 ¼ strongly positive; the proportional scores were: 0 ¼ 0%; 1 ¼ 1%-10%; 2 ¼ 11% -50%; 3 ¼ 51% -100%. By total score (intensity score + proportional score), immunohistochemical (IHC) positivity was classified as negative (total score ¼ 0), weakly positive (total score ¼ 1, 2), or strongly positive (total score ¼ 3, 4).
Matrigel Invasion Assay
The invasive potential of GBM cells was assessed in vitro in Matrigel-coated invasion chambers (Becton Dickinson Biosciences) Kohsaka et al.: Enhancing tumorigenicity by epiregulin in GBM in accordance with the manufacturer's instructions. Briefly, cells in log phase of growth were serum starved for 24 h prior to seeding, detached by brief trypsinization, and resuspended in medium containing the appropriate treatment. The Matrigel invasion inserts were rehydrated and prepared as described in the manufacturer's instructions. Cells (5× 10 4 /mL in 0.5 mL serum-free medium) were added in suspension to the upper chamber, and medium (0.75 mL, supplemented with 10% fetal bovine serum as a chemoattractant) containing the same treatment was added to the bottom well. After incubation for 24 h, the noninvasive cells were removed from the upper surface of the membrane, and the invasive cells on the lower surface of the membrane were stained with 0.04% crystal violet and counted microscopically. Experiments were done in triplicate.
Immunocytofluorescence and Confocal Microscopy
Glioblastoma multiforme cells grown on Lab-Tek chamber slides (Nalge Nunc International) were fixed with 3% paraformaldehyde in phosphate buffered saline (PBS) for 15 min, permeabilized with 0.1% Triton X-100 in PBS for 5 min, and incubated with 1% bovine serum albumin in PBS for 20 min at room temperature. They were then incubated overnight at 48C with mouse mAb specific for paxillin (1:5000; BD Transduction Laboratories), then for 1 h at room temperature with Alexa Fluor 488 -conjugated secondary antibodies (Molecular Probes), and finally for 30 min at 378C with Alexa Fluor 594 -conjugated phalloidin (Molecular Probes). Fluorescent images were obtained using a fluorescence microscope (Olympus).
Neurosphere Culture GBM cells were plated as single cells in ultralow attachment plates at a low density (2500 cells/mL) and were grown in neurosphere culture medium with or without gefitinib (Cayman Chemical Company) at the indicated concentrations for 4 -7 days. Neurosphere culture medium was serum-free DMEM containing 10 mg/mL bovine insulin, 100 mg/mL human transferrin, 100 mg/ mL bovine serum albumin, 60 ng/mL progesterone, 16 mg/mL putrescine, 40 ng/mL sodium selenite, 63 mg/mL N-acetylcysteine, 5 mM forskolin, 50 units/mL penicillin, and 50 mg/mL streptomycin (Gibco), as well as 10 ng/mL basic fibroblast growth factor or 10 ng/mL platelet-derived growth factor, or both.
Reverse Transcription PCR Analysis
Total RNA was isolated from cells using TRI Reagent (Sigma) and resuspended in RNA secure resuspension solution (Ambion). Reverse transcription was carried out with Superscript II RT (Invitrogen). The resulting first-strand cDNA was used as a template and amplified by PCR using KOD-Plus DNA polymerase (Toyobo).
Microarray Analysis
Total RNA was extracted using TRI Reagent (Sigma) and qualified using an Agilent 2100 Bioanalyzer. All samples showed RNA integrity numbers .9.5 and were subjected to microarray experiments according to the manufacturer's instructions. In brief, RNA samples were labeled using the Low Input Quick Amp Labeling Kit (Agilent Technologies). Labeling of 100 ng total RNA was performed using cyanine 3-CTP. Hybridization was carried out using the Gene Expression Hybridization Kit (Agilent Technologies). Samples of 1.65 mg cRNA were subjected to fragmentation (30 min at 608C) and then hybridized on a 4 × 180K Agilent Whole Human Genome Oligo DNA Custom Microarray (G4862A) in a rotary oven (10 rpm at 658C for 17 h). The array included 180K probes designed to identify transcripts of coding and predicted noncoding genes, including long intergenic noncoding RNAs. The annotation file about the probes on the array is shown in Supplementary Table 1 . Slides were washed in Agilent Gene Expression Wash Buffers 1 and 2 and scanned with an Agilent DNA Microarray Scanner. To adjust for differences in the probe intensity distribution across different chips, gene expression values measured with the microarrays for U373, U373X1, LN443, and LN443X were normalized with GeneSpring software (Agilent Technologies) by using the 75th percentile value.
Statistical analysis was performed by unpaired Student t-test; as a multiple testing correction, Benjamini Hochberg false discovery rate was exploited. P , .05 was considered statistically significant. Fold changes were calculated by comparing normalized expression values.
Results
Establishment of Highly Malignant Glioma by Single Subcutaneous Passage in Mice
Tumor environment has been shown to affect tumor growth, and an aggressive population may be enriched in vivo. To examine whether single subcutaneous passage in mice promotes tumor progression in GBM, we injected GBM cell lines LN443 and U373 into nude mice subcutaneously and formed tumor masses in vivo. GBM cells were then isolated from these subcutaneous tumors and expanded in vitro to create 3 cell lines, designated LN443X, U373X1, and U373X2 (Fig. 1A) .
First, we evaluated in vivo tumor growth of these established cells by re-injecting them into nude mice. Tumors formed from LN443X, U373X1, and U373X2 were observed within 10 days, while those derived from the original cell lines LN443 and U373 were observed only after 2 months (Fig. 1B, Supplementary Fig.  1A ). Furthermore, in an orthotopic xenograft model, we found that the overall survival of mice implanted with U373X1 was significantly poorer than those implanted with U373 (P ¼ .012; Fig. 1C ). The intracranial tumor formed by U373X also exhibited a more invasive appearance compared with the U373-derived tumor (Fig. 1D) . In culture, morphology of LN443X and U373X1 appeared more spindled, with piled-up growth compared with LN443 and U373 ( Supplementary Fig. 1B ). To confirm the growth advantage of LN443X, U373X1, and U373X2 seen in vivo, in vitro growth rates were measured, soft-agar colony formation assays were performed to assess the anchorage-independent growth, and neurosphere assays were performed to evaluate the neural stem cell component. Although in vitro growth of LN443X was not significantly different from that of LN443, the growth of U373X was faster than that of U373 (Fig. 1E) . In soft-agar colony formation assays and neurosphere formation assays, the number of colonies and neurospheres were increased in LN443X, U373X1, and U373X2 compared with their parental cell lines (Fig. 1F and G, Supplementary Fig. 1C and 1D) . In invasion assay, LN443X showed higher invasiveness compared with LN443, while Kohsaka et al.: Enhancing tumorigenicity by epiregulin in GBM Fig. 1 . Establishment of highly malignant glioma by (A) the scheme of a single subcutaneous passage in mice. In the tissue of mice were s.c. injected 5× 10 6 cells of LN443 and U373. The xenografts at 3 months were removed, dissociated, and cultured in the tissue culture dishes. The established cell line from LN443 was designated LN443X and those from 2 subcutaneous tumors of U373 were designated U373X1 and U373X2. (B) Evaluation of the growth in vivo. In the subcutaneous tissue of mice were injected 5×10 6 cells of LN443, LN443X, U373, U373X1, and U373X2. The tumor volumes were calculated U373X1 did not ( Fig. 1H and Supplementary Fig. 1E ). Furthermore, immunofluorescence analysis showed an irregular and disordered distribution of actin filaments and paxillin in LN443X but not LN443, in which regular focal adhesions were observed ( Fig. 1I and Supplementary Fig. 2A) . A too bizarre cellular morphology of U373X1 was exhibited, precluding evaluation of the distribution of actin or paxillin (Supplementary Fig. 2B ). As highly malignant phenotypes could be observed in LN443X, U373X1, and U373X2, we hypothesized that GBM-related signaling pathways, including ERK/MAPK, Akt/PI3K, and Janus kinase/STAT, were activated in these cells. The phosphorylated form of ERK was increased in LN443X, U373X1, and U373X2, while phosphorylation levels of Akt and STAT3 were unchanged (Fig 1J) .
Gene Expression Profiling in LN443X and U373X1
We employed DNA microarray analysis to examine alteration in gene expression during the tumor progression of LN443 and U373 to LN443X and U373X1. The number of upregulated genes with a .2-fold increase in LN443 compared with LN443 was 287, and that in U373X1 compared with U373 was 588. Forty and 10 genes showed a 2-and 4-fold upregulation in both cell lines, respectively ( Fig. 2A) . On the other hand, the expression levels of 285 genes were downregulated in LN443X by .2-fold compared with LN443, while the levels of 551 genes were decreased in U373X1 compared with U373. Twenty-three and 4 genes showed a 2-and 4-fold downregulation in both cell lines, respectively (Fig. 2B) . We further investigated the expression levels of the 14 genes with 4-fold alterations in 14 human glioma samples (ranging from WHO grades II to IV) by reverse transcription PCR (Fig. 2C) . The expression levels of AEBP1, EREG, and microfibrillar associated protein 5 (MFAP5) were different among the samples. Especially, the levels of EREG were not clearly observed in low-grade glioma as grade II but were relatively high in high-grade glioma as grades III and IV (Fig. 2C) . The mRNA levels of AEBP1, EREG, and MFAP5 were evaluated in 10 human GBM cell lines using normal human astrocytes as control, and higher expression of these genes was observed in 5 to 6 cell lines with different expression profiles (Fig. 2D) . Immunoblotting analysis revealed that expression levels of EREG protein were remarkably high in U87 cells, corresponding with its mRNA level (Fig. 2E) . For further investigation, we utilized the public database obtained from the Repository for Molecular Brain Neoplasia Data (REMBRANDT) of the National Cancer Institute (http://rembrandt.nci.nih.gov). According to REM-BRANDT, AEBP1 upregulation is observed in 71.7% of GBM, and this is significantly associated with shorter median survival compared with tumors with intermediate expression (P , 1 × 10 27 ; Supplementary Fig. 3 ).
Immunohistochemical Analysis of EREG and AEBP1 in GBM
As we had observed a correlation of AEBP1 with poor prognosis and a higher expression of EREG in malignant gliomas, we further analyzed the expression levels of AEBP1 and EREG by IHC in 73 GBM cases with known clinical follow-up. Immunohistochemical stainings of AEBP1 and EREG were scored as negative, weakly positive, or strongly positive according to the criteria described in Materials and Methods (Fig. 3A) . Seven (9.6%) and 18 cases (24.7%) showed strong positive staining for EREG and AEBP1, respectively (Fig. 3B) . Patients with GBM who exhibited positive staining for EREG had significantly shorter overall survival compared with those with weak immunopositivity (P , .05; Fig. 3C ). However, the immunophenotypic status of AEBP1 did not show any correlation with patients' overall survival (Fig. 3D) .
EREG Activates MAPK Pathway and Promotes Colony Formation, Sphere Formation, and Tumor Formation
As EREG is known to activate EGFR (ErbB1 and ErbB4) as its ligand, we examined whether EREG phosphorylates EGFR and promotes subsequent activation of its downstream signaling pathway, including phosphorylation of ERK, Akt, and STAT3 in GBM cell lines. Twenty-four hours after EREG stimulation, phosphorylation levels of EGFR and ERK were elevated in both LN443 and U373, while those of Akt and STAT3 remained unchanged (Fig. 4A) . We then evaluated the effect of EREG on primary GBM cells and found that EREG stimulation was also able to promote the phosphorylations of EGFR and ERK ( Supplementary Fig. 4) .
To confirm the significance of EREG on EGFR-dependent signaling, we generated EREG-overexpressed cells (LN443-EREG and U373-EREG) by using retroviral gene transfer into LN443 and U373 (Fig. 4B) . Western blotting analysis provided evidence of elevated phosphorylation levels of EGFR and ERK both in LN443-EREG and U373-EREG (Fig. 4B) .
To further validate our findings, we examined whether a selective EGFR -tyrosine kinase inhibitor such as gefitinib could suppress the phosphorylation levels of EGFR and ERK. The suppression of phosphorylation of both ERK and EGFR was observed in U373-EREG, and a similar, though more subtle suppression was also observed in LN443-EREG (Fig. 4C) . The in vitro growth of U373-EREG was faster than control U373 (U373 -green fluorescent protein [GFP]), and this growth enhancement was suppressed with gefitinib treatment (Fig. 4D) . It should be noted that the growth of LN443-EREG was not significantly different from GFP-introduced control cells (LN443-GFP). Anchorage-independent growth and serum-independent growth were measured by soft-agar colony formation assays and sphere formation assays, and the numbers of colonies and spheres were increased in both LN443-EREG and U373-EREG cells compared with LN443-GFP and U373-GFP cells, respectively ( Fig. 4E and F) . Gefitinib treatment suppressed these enhanced growths in U373-EREG (Fig. 4E and F) . Small interfering RNA knockdown of EREG also inhibited Matrigel invasion ability ( Supplementary Fig. 5A -5C ) and neurosphere-forming activity ( Supplementary Fig. 6A and 6B ) of U373X1 and LN443X cells. Although we performed neurosphere formation assays using several primary GBM cells, none of these cells To examine the growth potential in vivo, the cells were injected subcutaneously into the flanks of nude mice and the size of subsequent tumors were measured. It was found that the growth of tumors derived from U373-EREG was faster than that derived from U373-GFP and that gefitinib treatment inhibited this growth enhancement. Similar findings were observed with U373X1 cells (Fig. 4G and H) .
Discussion
By using single subcutaneous passage in mice, we have established highly aggressive variants of human GBM cell lines LN443 and U373. These showed enhanced growth, colony-forming and sphere-forming potential, invasive ability, and tumor-forming potential in vivo compared with the parental cell lines. It has been shown recently that malignant tumors exhibit genetic heterogeneity, and in this study we found that the subcutaneous microenvironment may affect clonal expansion of aggressive subpopulations of GBM cells. Data from expression profiling analysis have suggested that GBM can be classified into 3 subtypes: proneuronal, proliferative, and mesenchymal, and recurrent tumors are thought to exhibit a mesenchymal signature. However, we were unable to classify the aggressive cells established in this study into any of these subtypes ( Supplementary Fig. 7) . A previous paper also could not detect comparable transcriptional subtypes in immortalized cell lines. 19 The discrepancy between cell lines and patients' samples may be due to loss of specific gene expression or selection during the culture process. Therefore, we validated the results from our in vivo experiments by performing IHC analysis of patients' samples.
Using DNA microarray analysis, EREG was found to be a candidate gene for a malignant phenotype. EREG is a member of the epidermal growth factor (EGF) family, which includes heparin-binding EGF-like growth factor, transforming growth factor (TGF)-a, epigen, amphiregulin, betacellulin, and neuregulins; EREG functions as a ligand of EGFR and human EGFR 4. 20, 21 Not only has EREG been shown to enhance cell growth, but it also plays a role in differentiation, migration, adhesion, and tumor vessel assembly. 22, 23 Overexpression of EREG has been observed in various cancers arising in the bladder, lung, kidney, and colon 24, 25 ; this study is the first to demonstrate its involvement in brain tumors.
Considering the increased sphere-forming potentials of LN443X, U373X1, and U373X2, these cell populations include cancer stem -like/cancer-initiating cells. Various pathways, such as those of EGFR dependency, 26, 27 34 and Notch signaling, 35, 36 have been implicated in maintaining cancer stemness in GBM. Previously, we reported that under the EGFR/ERK-dependent signaling pathway, the Ets family of transcription factors were involved in the expression of CD133, which is thought to be one of the cancer stem cell markers for GBM. 17 Considering that the EGFR/ERK pathway regulates cancer stemness, the identification of EREG in our experimental system for tumor aggressiveness may explain the reason to enrich tumor aggressiveness. In fact, another growth-factor family of proteins known as heregulin has been reported to regulate mammosphere formation in breast cancer. 37 We tried to evaluate an association between expression of EREG and the stem cell characters in U373 and LN443 by comparing the expression of Sox2 in U373, U373X1, LN443, and LN443X. Immunofluorescence analysis revealed that Sox2 was highly expressed in all U373 cells, but no expression was observed in LN443 (Supplementary Fig. 8A ). No significant changes in Sox2 protein expression were detected after subcutaneous passage in mice ( Supplementary Fig. 8B ), suggesting that Sox2 is not a marker for stemness in U373 and LN443. CD133, another stemness marker, was also hardly detectable in these cells (data not shown).
Inhibition of the EGFR-dependent signaling pathway may be a candidate for targeted molecular therapy because our data indicated that EREG immunopositivity found in 9.6% of tumors correlated with poor prognosis, and we also confirmed the contribution of EREG to the malignant phenotype by establishing EREG overexpressing cell lines. However, phase II trials have so far shown limited clinical benefit of the small-molecule EGFR inhibitor erlotinib in patients with either recurrent or newly diagnosed GBM, either in combination regimens 38 -41 or as monotherapy. 42, 43 While gefitinib inhibited the phosphorylation of EGFR in both LN443 and U373, inhibition of ERK phosphorylation was observed in only U373, suggesting the presence of an alternative mechanism of phosphorylation of ERK other than by EGFR signaling in LN443. Besides, although gefitinib treatment was performed for the subcutaneous tumors of LN443X in nude mice, we observed no effect on tumor growth inhibition (data not shown). Further studies to elucidate the pathogenesis of GBM is essential to identify additional molecular targets for treatment of patients.
Another molecule associated with tumor aggressiveness found in this study was AEBP1, originally identified as a transcriptional repressor for the AE1 element located in the proximal promoter region of the adipose P2 gene, which codes adipocyte-specific fatty acid binding protein 4 regulating adipogenesis. 44, 45 Recently, it has been reported that AEBP1 affects tumor growth and survival in patients with gliomas. 46 However, the correlation of protein expression by IHC has not been studied. It should be noted that while results from the REMBRANDT database suggest a correlation experiments. *P , .01. N.S., not significant. (E) Soft-agar colony formation assay. Seeded were 5×10 4 cells of LN443-GFP, LN443-EREG, U373-GFP, and U373-EREG into 6-cm tissue culture dishes and treated with gefitinib (10 mM) or control DMSO. The number of colonies was counted at 30 days in each group. Error bars represent SD of 3 independent experiments. *P , .01. N.S., not significant. (F) Neurosphere formation assay. GBM cells were plated as single cells in ultralow attachment plates at a low density (2500 cells/mL) and were grown in neurosphere culture medium with or without gefitinib (10 mM) for 4 -7 days. The spheres were counted and the percentage of nuerosphere-forming cells was determined in each group. Error bars represent SD of 3 independent experiments. *P , .01, †P , .05. N.S., not significant. (G) Evaluation of the growth in vivo. Injected were 5×10 6 cells of U373-GFP and U373-EREG, and gefitinib (200 mg/kg) or control DMSO was i.p. administered at days 25-29 and day 32-36. The tumor volumes were calculated as described in Materials and Methods. (H) Evaluation of the growth in vivo. Injected were 5×10 6 cells of U373X1, and gefitinib (200 mg/ kg) or control DMSO was i.p. administered at days 3-7 and days 10-14. The tumor volumes were calculated as described in Materials and Methods. Kohsaka et al.: Enhancing tumorigenicity by epiregulin in GBM of AEBP1 upregulation with poor prognosis, our IHC analysis did not show any significant correlation. One of the reasons for this discrepancy may be the limited number of cases in our cohort. A larger-scale IHC analysis is needed to clarify the significance of AEBP1 positivity in GBM. REMBRANDT data of EREG expression analysis seem to be inconsistent with our IHC-derived data, due to possible differences of expression levels between EREG mRNA and its protein. Indeed, REMBRANDT evaluated the expression levels of mRNA, while we evaluated protein levels by IHC. Specifically, REM-BRANDT categorized 93.9% of cases into an intermediate category in the expression analysis of EREG, whereas 52% of cases were negative by IHC in our study, suggesting posttranscriptional regulation of EREG. Therefore, we propose that evaluating EREG expression by IHC may be a more reliable way to predict patient survival.
In this study, we found that 2 molecules, EREG and AEBP1, are involved in the acquisition of the malignant potential of GBM cell lines in vivo, and these may be potential therapeutic targets for the treatment of GBM. However, the pathogenicity of GBM cannot be entirely accounted for by these 2 molecules; thus, additional studies using other GBM cell lines or pairing with human GBM primary cultures should be performed to identify other therapeutic targets for establishing tailor-made therapy to eradicate this highly aggressive tumor.
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